• Long chain fatty a portant fuel for oxidative muscle. 1 -8 Studies of the dividual C^-labeled fatty ed perfused rat heart dem acid was readily extracted^ by heart muscle and that its major fates were CO 2 and incorporation into tissue lipid. 4 In these studies storage of fatty acid in tissue lipid was enhanced by the presence of glucose and insulin or pyruvate in the perfusion fluid. 5 " 7 Fractionation of tissue lipids by thin layer silicic acid chromatography demonstrated that the labeled fatty acid was incorporated principally into triglyceride and phospholipid.°-8 ' ° From these observations it followed that the myocardial extraction or storage of fatty acid might be detected from the surface of the chest in intact animals or man if the fatty acid were labeled with an isotope emitting gamma radiation. The present report describes photoscans of the chest in Owing intravenous injection of radioed fatty acid bound to serum albumin, liminary report of this work has been mted. 10 Methods
RATION OF MATERIAL
Radioiodinated (I 13 1) oleic acid* with specific activity of about 6 me/ml was dissolved in petroleum ether, layered over 5% human serum albumin in physiological saline, and stirred mechanically without disruption of the interphase fpr 12 to 24 hours. The mixture was then allowed to settle into two phases; the aqueous infranate was removed and residual traces of petroleum ether evaporated in a vacuum dessicator. The albumin solution with radioiodinated fatty acid bound to it was then dialysed against three changes of four liters isotonic saline, passed through a Seitz filter and stored at 4°C in a sterile container. The specific activity of the final material was 8 to 12 yxc/ml. When extracted by the method of Dole and Meinertz, 11 85 to 94% of the radioactivity was present in the heptane phase indicating that a high proportion of the radioactivity present was bound to lipid.
The complex of radioiodinated fatty acid (RIFA) bound to albumin was given by intravenous injection to mongrel dogs in doses of 3 to 20 /xc/kg. The distribution of radioactivity within the thorax was visualized by photoscanning. An initial trial using a brain scanner gave encouraging results, but presented practical difficulties in positioning the animal. All subsequent scans were done with the whole body scanner made available at the Ontario Cancer Institute. The instrument uses a heavily shielded five-inch sodium iodide crystal which is well collimated to give high sensitivity and a resolution of approximately one half inch. 12 Photoscans were made of 30 intact anaesthetized dogs lying in the left lateral position. The average time required to complete a single scan was 30 minutes. The film density pattern in some cases was compared to conventional chest roentgenograms taken with the animal in a similar position. Following photoscans of the intact dog the heart was removed, washed free of blood, and the scan repeated in vitro with the isolated heart placed as nearly as possible in the same position, relative to the scanner.
To demonstrate that the radioiodinated fatty acid (RIFA) was incorporated into heart muscle in much higher concentrations than nonlipid bound iodine, three animals were given a solution of I"'-labeled sodium iodide and two were given radioiodinated human serum albumin (RISA) intravenously in doses equivalent in radioactivity to those used for the RIFA studies.
Radioactivity in blood and in tissue obtained at necropsy was determined by counting representative samples in a well type scintillation detector and comparing the count rate to an I 131 standard or an aliquot of the radioiodinated fatty 12000-1 acid injected. The proportion of lipid bound and water soluble radioiodide in blood and in samples of the material injected was determined by extraction in isopropanol:heptane:H 2 SO 4 , n and radioiodide in tissues was determined by extrac- Measurement of total blood radioactivity and the lipid bound and water soluble fractions at varying intervals following intravenous injection of RIFA in an anaesthetized dog. tion in chloroform imethanol. 13 Samples of tissue lipid were separated by chromatography on thin layers of silica gel G 14 and identified by comparison with standards. The different lipid fractions were scraped off the chromatoplates, transferred to tubes containing chloroform:methanol, and radioactivity measured in the well type scintillation counter. The effect of an intravenous infusion of glucose and insulin on the relative concentration of radioactivity in heart muscle and blood was studied in three pairs of dogs. One member of each pair was fasted while the other was fed ad libitum and given 10% dextrose in distilled water containing 80 units of regular insulin per liter by intravenous injection at a rate of approximately 3 ml/min for one-half hour before and after injection of RIFA.
Experimental myocardial infarction was produced by ligation of the left anterior descending or circumflex coronary artery in 14 dogs. Photoscans were made 2 hours to 16 days after the artery was ligated. The dog was killed within two hours of the last photoscan and normal and ischemic areas of the myocardium were analysed for incorporation of lipid bound and water soluble radioactivity.
RIFA was given intravenously in doses of 5 to 6 jiic/kg to three patients in the terminal stages of shock following myocardial infarction. Death occurred two to four hours after injection and samples of tissue were analysed for radioactivity at the time of necropsy.
Results
Photoscans of the thorax made in 30 anaesthetized dogs 15 minutes to 28 hours after injection of RIFA showed selective concentration of radioactivity in the region of the heart, particularly in the region of the ventricular muscle mass ( fig. 1 ). The area corresponding to the atria and to the great vessels showed less radioactivity. Photoscans of the emptied washed hearts in vitro showed a similar pattern and confirmed the impression that the radioactivity was located principally in muscle and not in blood within the cardiac chambers. Density over the stomach was shown to be due to rapid excretion of radioiodine from blood by gastric mucosa. Serial photoscans in two dogs after a single injection of radioiodinated fatty acid demonstrated that, as the interval from injection lengthened, the concentration of radioactivity RIFA Ni I
FIGURE 3
Comparison of photoscans of the intact heart (above) and of the same heart, isolated and washed free of blood (below) following intravenous injection of equivalent doses of radioactivity as radioiodinated fatty acid (RIFA), radioiodinated serum albumin (RISA) and Nal lsi . Thoracic photoscans were obtained with anaesthetized dogs lying in the left lateral position and show cardiac density pattern centrally and fundus of the stomach below and to the left. Comparison of the radioactivity in aliquots of blood and various organs obtained at necropsy from a dog fasted 36 hours prior to administration of RIFA. Note the high proportion of total radioactivity which was lipid bound in heart muscle, skeletal muscle, and adipose tissue. In stomach wall, blood, and thyroid most of the radioactivity was water soluble.
decreased in the region of the heart, and increased over the stomach. Contrast between heart and adjacent tissues was greatest within one hour of injection. Measurement of the disappearance of radioactivity from blood after injection of radioiodinated fatty acid bound to albumin in three dogs, showed an initial, rapid phase in the first 10 minutes followed by a second, slower phase ( fig. 2 ). Partition of lipid bound and water soluble radioactivity in blood indicated that the initial rapid phase was due to disappearance of the radioiodinated fatty acid with a half life of about one and one-half minutes. The remaining radioactivity in blood was water soluble and was thought to be derived from "free" radioiodine present in the original injection and from radioiodine released by the metabolism of fatty acid in tissues. Because the clearance of radioiodinated fatty acid from blood was virtually complete in 20 minutes and the subsequent decline in total .blood radioactivity was slow thereafter, it seemed likely that the most favorable ratio of heart muscle to blood oc-curred about 20 minutes after injection. In addition, the photoscans indicated that the concentration of radioactivity over the heart decreased in relation to the interval of time from injection. Hence it was concluded that the most advantageous time to begin scanning the thorax was 20 to 30 minutes after injection.
Photoscans obtained with radioiodinated fatty acid were compared with scans carried out in dogs of similar size given an equivalent dose of I 131 bound to serum albumin (RISA) or free sodium iodide (NaP 31 ) ( fig.  3 ). Scans were first obtained in the intact anaesthetized dogs lying in the left lateral position and then repeated at necropsy one hour later with the heart removed from the animal and washed free of blood. With RIFA, radioactivity was concentrated in the region of the ventricular muscle mass in vivo and was still present one hour later at necropsy vyhen the heart was washed free of blood. In contrast, after radioiodinated serum albumin (RISA), dense radioactivity appeared in the region of the great vessels and Circulation Rtitsrcb, Vol. XVI, Jmury 1965 throughout the cardiac silhouette in vivo. Negligible radioactivity remained in the isolated heart washed free of blood demonstrating that the density pattern with RISA was due to radioactivity in blood within the atria, ventricles, and great vessels. With NaF", less radioactivity was present in the region of the heart in vivo and, again, this completely disappeared when the isolated heart was scanned without blood in its chambers. These observations demonstrated that the density pattern in the region of the heart following injection of RIFA was due principally to radioactivity in myocardium rather than in blood within the cardiac chambers and that most of the radioiodine taken up by the myocardium was bound to fatty acid.
The distribution of radioactivity in the body three to four hours after injection of RIFA was determined at necropsy in four dogs by comparing the concentration of radioactivity per unit weight of various tissues and the relative proportions present as lipid bound and water soluble radioiodine. Stomach contents and heart muscle showed the greatest concentration of radioactivity ( fig. 4 and table 1). In heart muscle, over 90% of the radioactivity was bound to lipid, whereas in stomach contents almost all the radioactivity present was water soluble. The concentration of radioactivity was less in thyroid, liver, kidney, skeletal muscle, adipose tissue, and blood; over half the radioactivity in skeletal muscle and adipose tissue was lipid bound but in the other tissues it was predominantly water soluble. Separation of the lipid fractions of heart muscle by thin layer silicic acid chromatography demonstrated that over two-thirds of the radioactivity present was in triglyceride, while about one-fourth was present as phospholipid. Only traces of radioac- *In each pair of dogs, one was fasted for 36 hours and the other was fed ad libitum and was infused with glucose and insulin before injection of RIFA.
t Remainder of radioactivity was water soluble. Photoscan of isolated dog heart obtained at necropsy and superimposed on the lateral chest roentgenogram of the same dog taken during life. Left anterior descending coronary artery was ligated two days prior to administration of RIFA and the defect in the anterior portion of the cardiac density pattern in the photoscan corresponded to a large area of myocardial infarction at necropsy. tdvity were recovered in diglyceride and nonesterified fatty acids.
Ratios of radioactivity in heart muscle and blood determined two and one-half to three hours after injection of RIFA in three fasted dogs were 6.1:1, 2.1:1 and 3.0:1. Three dogs were fed ad libitum and received intravenous glucose and insulin at the time of RIFA infusion; the ratios were 11.8:1, 8.9:1, and 5.6:1, respectively (table 2). These observations suggested that glucose and insulin promoted myocardial storage of fatty acid derived from the circulation and reduced oxidation of RIFA in all body tissue so that less free V" was returned to the blood. The practical advantage of the administration of glucose and insulin was to increase the ratio between radioactivity in heart and blood, thereby improving the specificity and contrast of the myocardial photoscan.
Photoscans carried out on 14 dogs two hours to six days after coronary artery ligation revealed an area of decreased concentration of radioactivity within the cardiac density pattern in 11 animals but no defect in the remaining three. In the 11 animals with defects on the photoscan a discrete infarct was present at necropsy, but in the other three dogs the ischemic area was smaller and less well defined. In all cases at necropsy less radioactivity was present in the ischemic area. The concentration of lipid bound radioactivity in samples of normal left ventricular muscle was two to thirteen times greater than that present in ischemic muscle. The markedly decreased concentration of radioactivity in the anterior portion of the heart shown in figure 5 corresponded to an extensive myocardial infarct at necropsy. In figure 6 , a photoscan showing extensive apical myocardial infarction is superimposed on the chest roentgenogram to clarify the anatomical relationship.
The tissue distribution of radioactivity in three human subjects two to four hours following injection of RIFA was similar to that already described in the dog (table 3 and fig. 7 ). The concentration of radioactivity was highest in myocardium and in contrast to other tissues the radioactivity was found to be lipid bound. Separation of myocardial tissue lipid by silicic acid chromatography in another subject demonstrated that most of the radioactivity was present as triglyceride (table 4) .
Discussion
Radioiodinated, nonesterified fatty acid was prepared for intravenous administration by producing a complex with human serum albumin. The rapid clearance of RIFA from the circulation with a half Me of about one and one-half minutes is comparable to observations of others using C'Mabeled fatty acids. 15 -17 The density pattern of radioactivity in the region of the heart detected on photoscans of the thorax in dogs given the RIFA confirms previous observations in the isolated heart that nonesterified fatty acids are readily extracted by heart muscle and that a portion of the uptake is temporarily stored as tissue triglyceride and phospholipid. 4 Infusion of glucose and insulin with RIFA increased the ratio of radioactivity in heart muscle to blood presumably by enhancing storage of RIFA as myocardial triglyceride and decreasing oxidation of RIFA in the heart and other tissues. The concentration of lipid bound radioactivity per unit weight of tissue three to four hours after in- * Over 90% of radioactivity in normal left ventricular muscle and at the margin of the infarcted myocardium was lipid bound, chiefly as triglyceride.
t Insufficient lipid bound radioactivity was present in the infarcted myocardium to permit a valid comparison of the amount of radioactivity in the various lipid fractions. Analysis of concentrations of radioactivity in blood and various body tissues at necropsy four hours after intravenous administration of RIFA to a moribund human subject. Note the high concentration of lipid bound radioactivity in left and right ventricular muscle.
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PHOTOSCANS OF HEART WITH RADIOIODINATED FATTY ACID
jection of RIFA was higher in heart muscle than in other organs of the body with comparable metabolic activity or vascularity. The high concentration of radioactivity in gastric contents was attributed to rapid excretion by gastric mucosa of water soluble radioiodine present in blood. The density pattern observed in the region of the heart on photoscans in vivo was due to concentration of lipid bound radioactivity in heart muscle and not due to free radioiodine in the myocardium or in blood within the cardiac chambers. When hearts were removed at necropsy and washed free of blood the radioactivity was found to persist in photoscans of the isolated heart. Also, when radioiodinated human serum albumin or NaP 3J was substituted for RIFA the contour of the cardiac density pattern included the atria and great vessels suggesting that most of the radioactivity was present in blood within the cardiac chambers. This was confirmed by the disappearance of radioactivity when the photoscan was repeated with the isolated heart washed free of blood. It appeared therefore that the concentration of radioactivity by heart muscle following intravenous injection of RIFA could be ascribed to the uptake of the fatty acid itself rather than free radioiodine.
Photoscans obtained in dogs in which a coronary artery had been ligated demonstrated that heart muscle failed to concentrate the RIFA when deprived of its normal blood supply or damaged by ischemia. These observations were confirmed at necropsy by direct measurements which indicated that the concentration of radioactivity was much higher in normal left ventricular muscle than in the adjacent ischemic area.
When RIFA was given to moribund human subjects with myocardial infarction the distribution of radioactivity in body tissues was similar to that observed in dogs. The concentration of radioactivity in healthy left ventricular muscle was greater than in the infarcted myocardium or in other organs of the body. From these observations it seems possible that myocardial infarction in man Circulation Rnetrcb, Vol. XVI, jdnmry 196} might be detected by photoscans of the thorax following intravenous injection of RIFA.
Summary
Radioiodinated fatty acid bound to albumin (RIFA) was given by intravenous injection to dogs and moribund human subjects in order to label heart muscle.
Photoscans of the thorax of dogs given RIFA revealed concentration of radioactivity in the ventricular region of the heart due to incorporation of the labeled fatty acid into myocardial triglyceride and phospholipid.
Photoscans of the thorax following intravenous injection of radioiodinated serum albumin or Nal" ; showed a different density pattern in the region of the heart due to radioactivity in blood within the cardiac chambers.
Areas of myocardial infarction were detected in photoscans of the thorax in 11 of 14 dogs in which one coronary artery was ligated. At necropsy the concentration of radioactivity was much higher in healthy myocardium than in infarcted muscle. The same distribution of radioactivity was observed in hearts from three human subjects with myocardial infarction given RIFA shortly before death. It is proposed that areas of myocardial infarction might be demonstrated during life by photoscans of the thorax following intravenous injection of RIFA.
